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Abstract Perovskite-like oxides (i.e., LaSrNiO4) pre-

pared by combustion method with various complexes and

amounts are compared and their catalytic performances for

CO oxidation are tested. Results indicate that sample pre-

pared with oxalic acid as the complex and 100% in excess

of cations shows the best and stable activity for oxidation

reaction, suggesting that oxalic acid is a preferential

complex in the synthesis of perovskite-like catalyst by

combustion method.
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1 Introduction

Oxides with ABO3 and/or A2BO4 structure have been

received great attention in catalysis since the report of Liby

[1] and Voorhoeve et al. [2]. They possess lots of inter-

esting properties, such as high thermal stability, control-

lable oxygen vacancies, changeable A- or B-site cations,

etc. [3], which offer the possibility of studying the rela-

tionship between structure properties and catalytic perfor-

mances [4], and hence comprehending the reaction nature.

As a result, these oxides are widely applied in catalysis as

catalyst of, such as, CO oxidation [5, 6], NO reduction

[7, 8], CH4 combustion [9–11], etc.

Numerous methods have been adopted to prepare these

mixed oxides, for example, spray pyrolysis [12], freeze-

drying [13], ceramic [14], sol–gel combustion [15], etc.

Among them, the so-called citric acid combustion method

(i.e., using citric acid as the complex) is popularly applied

due to its easy operation conditions. On the other hand, in

order to tune the catalytic performance of catalyst, the way

used in the literatures mostly is through the substitution of

A- or B-site cation with a foreign one [16–20] or by a

different preparation methods [21]. Few works [5]

regarding the effect of complex (in combustion method) on

the catalytic performance has been reported, especially no

reason and sound explanation for (1) why citric acid is used

as the complex and (2) how much citric acid should be

used, is normally given. Hence, the objective of this work

is to investigate the effect of complex on the catalytic

performance of perovskite-type catalyst synthesized by

combustion method, and subsequently to optimize the

complex and its amount that are best for the synthesis of

highly active perovskite-type catalyst.

Therefore, synthesized here are the mixed oxides

(LaSrNiO4) by a combustion method with different types

(basic and acidic) and different (carbon) amount of com-

plex (i.e., blank, oxalic acid with different amounts, citric

acid and ammonia). The catalytic performances of LaSr-

NiO4 prepared under different conditions are tested by CO

oxidation reaction, since this reaction not only has an

interest to eliminate CO—a poisonous compound from

exhaust, but also is a test reaction for surface structure-

activity correlation studies [22]. Results indicate that

sample prepared with oxalic acid as the complex shows far

higher activity than that prepared by citric acid, suggesting

that oxalic acid would be a more preferential complex in
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the preparation of highly active perovskite- type catalyst by

combustion method.

2 Experimental

The procedure for the preparation of LaSrNiO4 is similar to

that reported elsewhere [23]. Namely, the stoichiometric

La3?, Sr2?, Ni2? nitrates were first dissolved in de-ion

water, then a solution of oxalic acid, citric acid or ammonia

200% in excess of cations was added (for oxalic acid, 50

and 100% were also used; for blank experiment, the same

procedure was done although no complex was added). The

resulting solution was evaporated to dryness and subse-

quently, the precursors were thermal decomposed, calcined

at 500 �C for 2 h, and finally pelletized and calcined in air

at 900 �C for 5 h. According to the complex and its amount

(in case of oxalic acid), the samples were defined as:

LSN(B), LSN(O)_50, LSN(O)_100, LSN(O)_200, LSN(C),

and LSN(A), respectively. Note: The letter in the bracket is

the initial of the complex, e.g., symbol LSN(O)_100 means

that LaSrNiO4 is prepared with oxalic acid as the complex

and its amount is 100% in excess of cations.

Powder X-ray diffraction (XRD) was obtained from an

X-ray diffractometer (type D/max-IIB, Rigaku) operated at

40 kV and 10 mA at room temperature, using Cu Ka
radiation combined with nickel filter.

Catalytic reactions were tested using a single-pass flow

micro-reactor made of quartz, with an internal diameter of

6 mm. The reactant gas (1.0% CO–0.5%O2/He) was passed

through 0.2 g catalysts at a rate of 30 mL/min. The gas

composition was analyzed before and after the reaction by

an online gas chromatography equipped with a TCD

detector. CO conversion is defined as:

%½CO�conv: ¼
½CO�inlet � ½CO�outlet

½CO�inlet

� 100%

where [CO]inlet and [CO]outlet is the initial and end CO

concentration, respectively.

3 Results and Discussion

Figure 1 is the XRD patterns of LaSrNiO4 prepared by

combustion method under different conditions. All of them

show the two characteristic diffraction peaks indexed to

oxides with A2BO4 structure at 30� \ 2h\ 35�, indicating

that the LaSrNiO4 phase is formed in all the samples. The

formation of LaSrNiO4 in the blank experiment indicates

that perovskite-type oxides could be synthesized by cal-

cining the corresponding mixed oxides, without the assis-

tance of complex. For samples prepared with the assistance

of oxalic acid, the intensity of the diffraction lines weakens

with increasing the amount of oxalic acid, indicating that

high concentration of oxalic acid leads to the formation of

poorly crystallized LaSrNiO4 phase. A possible reason is

that the oxygen (in air) round the solution samples is lar-

gely consumed during the combustion process, leading to

the deficiency of oxygen in the formation of metal oxides,

which subsequently affects on the formation of perovskite-

type oxides during the calcination step. The deficiency of

oxygen becomes urgent at high concentration of oxalic acid

according to the reaction: H2C2O4 ? 1/2O2 = H2O ?

2CO2. As a result, the formation of perovskite-type oxides

(i.e., La ? Sr ? Ni ? 2O2 = LaSrNiO4; the electron

transfer is not marked here for convenience) is difficult

with increasing the amount of oxalic acid, that is, the for-

mation of a poorly crystallized LaSrNiO4 phase.

Although the diffraction peaks indexed to LaSrNiO4 are

also observed when using citric acid as the complex, lots of

impurities appear at this time, indicating that high con-

centration of citric acid solution are more disadvantageous

for the formation of pure LaSrNiO4. The reason is similar

as that discussed above. However, more oxygen will be

consumed in the combustion process (H8C6O7 ? 9/

2O2 = 4H2O ? 6CO2) at this time due to the more carbon

atoms of citric acid. The deficiency of oxygen thus is more

urgent and consequently, some of metal ions even can not

enter the A2BO4 frame. These metal ions are the source of

the ‘‘impurities’’ observed in XRD patterns.

To our surprise, the diffraction lines detected from

sample prepared by ammonia solution (LSN(A)) is almost

the same as those detected from sample prepared by oxalic

acid solution (LSN(O)_200), suggesting that ammonia and

oxalic acid may have similar effect on the formation of

LaSrNiO4 at this time. But it should be noted that for

ammonia with basic property, it has the possibility of
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Fig. 1 XRD patterns of LaSrNiO4 prepared by combustion method

under different conditions (for meaning of letters, see text)
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producing OH- anion and its oxidation state can not be

increased. Therefore, the metal ions in this case have the

possibility of forming basic compound, e.g., Ni(OH)2, and

the corresponding oxides are obtained not from the com-

bustion process, but from the decomposition of the com-

pound, e.g., Ni(OH)2 ? NiO ? H2O.

Figure 2 shows the catalytic performance of the sam-

ples for CO oxidation reaction. Overall, the best CO

conversion is obtained from sample LSN(O)_100; while

the worse one is from sample LSN(C), indicating that

oxalic acid is a better complex than citric acid in the

preparation of perovskite-type catalyst for CO oxidation.

One may think that the worst activity of LSN(C) is due to

the appearance of the impurities in this sample (see XRD

patterns). However, even for a relatively pure LaSrNiO4

catalyst prepared by combustion method with 100% in

excess of citric acid as the complex, we found that its

activity for CO oxidation is also very low (*20% at

T = 300 �C). This indicates that LaSrNiO4 prepared with

citric acid as the complex can not show high activity for

CO oxidation.

The activity of samples LSN(A) and LSN(O)_200 is

similar at the beginning, since they have the similar XRD

patterns. But an interesting change in their activity is

observed: the activity of LSN(A) is a little higher at

T B 275 �C, but is a little lower at T C 300 �C than that

of LSN(O)_200. This indicates that the nature of them

maybe different. The catalytic performance of them will

be further discussed in Fig. 3 below. While for LSN(B),

its activity for CO oxidation is moderate in all the tem-

perature range.

Obviously, for samples prepared with oxalic acid as the

complex but with different amounts, LSN(O)_100 shows

the best activity while LSN(O)_50 shows the worst, indi-

cating that the amount of complex has a great effect on the

catalytic performance of the sample prepared. Hence,

attention on the amount of complex should be paid when

synthesizing perovskite-type mixed oxides by combustion

method.

Finally, in order to see if there have any differences in

the nature of samples LSN(A) and LSN(O)_200, we also

tested their activities at different reaction time

(T = 325 �C). The results in Fig. 3 indicate that the

nature of them is different, that is, sample LSN(O)_200

shows relatively higher and stable activity than LSN(A).

Based on this fact, the slight change in the activity of

LSN(A) and LSN(O)_200 (see Fig. 2) could be explained

as follows: although LSN(A) shows higher activity than

LSN(O)_200 at T B 275 �C, its activity will decrease

substantially due to its instability, especially at

t \ 200 min., while LSN(O)_200 could show a relatively

stable activity even at t = 30 min. As a result, LSN(A)

shows a slightly lower activity than LSN(O)_200 with the

increase of reaction time and at T C 300 �C. The exact

reason for the stability of activity is not clear yet, but it

should be pointed out that for LSN(A), the complex is

basic ammonia, which offers the possibility of forming

basic compound and the starting oxide materials are

obtained from the decomposition process, as discussed

above; while for LSN(O)_200, the complex is acidic

oxalic acid and the starting oxide materials are obtained

through the burning of the complex.
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Fig. 2 Catalytic performances of the samples for CO oxidation in the

temperature range of 200 �C B T B 350 �C
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Fig. 3 Dependence of CO conversion on the reaction time
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4 Conclusion

In summary, this work studies the effect of preparation

conditions on the crystal formation and catalytic perfor-

mance of perovskite-like oxides in catalytic reaction.

Results indicate that oxalic acid is a preferential complex

for preparing highly active perovskite-type catalyst, and the

optimum value is at 100% in excess of cations in the

present case. Hence, we suggest that future efforts on this

field should pay more attention, not to citric acid, but to

oxalic acid, when choosing the complex.
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